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Abstract 
In rice husk briquette production process, electricity is used to drive the screw press and to heat up the die barrel. In the energy-starve 
countries, electricity consumption for producing biomass briquette fuel is not rationale. To reduce the electricity consumption in biomass 
briquette production process, a biomass fired stove is developed to use as the replacement of the electric heater. The biomass stove is 
capable of raising the temperature of die barrel at desired level for making briquette. The stove is made of refractory brick and clay. The 
stove is fired with rice husk briquette. The stove provides heat to die barrel instead of electric heater. The stove shows satisfactory 
performance by replacing the 6 kW electric-heater in this study. The modified rice husk briquetting machine consumed about 76 kg of 
rice husk briquette and about 80 kWh of electricity to produce one tonne of rice husk briquette instead of 179 kWh of electricity 
consumption by traditional rice husk briquetting machine for same quantity of rice husk briquette produced. Hence at least 50% of 
electricity consumption for rice husk briquette production could be replaced by using the modified technology discussed in this paper. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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Nomenclature 
MJ mega joule 
kg kilogram 
kWh  kilo-watt-hour 
CO2 carbon dioxide 
h hour 
kW kilo-watt 
rpm revolution per minute 
BDT Bangladeshi Taka 
NPV net present value 
1. Introduction 
Biomass densification is not a new technology in the world, though it appeared in Bangladesh in 1990. By densification 
process loose, low bulk density biomass is compacted into high bulk density materials. Different types of densification 
methods are commercially available namely, pelleting, cubing, rolling-compressing and briquetting. Rice husk densification 
technology known as briquetting was introduced in Bangladesh around 1990 by a private entrepreneur. An entrepreneur in 
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Sylhet district (eastern part of the country) imported a briquette machine from Taiwan and set up a factory. Later the 
technology was adopted into few other places namely, Khulna, Chittagong, Rangnpur and so on. The most widely used 
densification process in the developing countries is screw extrusion process, known as heated die screw press briquetting. 
For making biomass briquette fuel, extrusion process called heated die screw press briquetting is used and rice husk is used 
as raw material for briquetting in Bangladesh [1-2]. Compaction ratio ranges from 2.5: 1 to 8.25:1 or even more [1, 3-4]. 
This densified biomass fuel is dry woody material and its calorific value ranges from 14.2 to 17.5 MJ/kg, and it is equivalent 
to “B” grade coal in terms of calorific value. It burns slowly with less smoke than wood fuel [1]. The development of 
biomass densification technology in Bangladesh has proceeded with own interests and efforts of individual owners and 
manufacturers [5]. 
 
2. Justification of the study 
   The husk briquette is very much popular fuel alternative to wood fuel. The briquette producing machine is screw extruder 
type. During the study it is observed that electricity is consumed to produce the briquette from rice husk. Main components 
of the electricity consumption are the motor and the electric heater. The heater capacity ranges from 6 to 9 kW. The motor 
capacity of the machine is found to be around 15 kW. The production capacity of the briquette machine is estimated to be 80 
to 100 kg/h. Amount of electricity consumption is estimated to be around 200 to 250 kWh to produce each tonne of briquette 
[7-8]. Whereas in laboratory research, it was found that average energy consumption was 116 kWh/tonne [2]. Bhattacharya 
et al. [9] reported that the consumption of electricity for briquette production is 179 kWh/tonne. But the electricity is very 
scarce in Bangladesh. As energy starve country electricity consumption for producing biomass briquette fuel is not fair. One 
effort was found to replace the electric heater with steel made briquette fuel fired stove for die heating. The fuel 
consumption of the stove was 4.5 kg/h instead of 6-kW electrical heater. It could save 35 % of total electrical energy 
consumption [9]. Also local producer tried to use kerosene stove instead of electric heater. All these efforts have been made 
to reduce electricity consumption for producing husk briquette. Operational cost of kerosene stove is comparatively higher 
and also the heat distribution is not uniform round the die of briquette. Steel made briquette stove also costly and need 
special skill to fabricate. To overcome the above barriers a new concept has been developed for die stove made of refractory 
brick and clay. The advantages of this stove would be the uniform distribution of heat due to the higher content of heat in 
refractory material and also the clay-brick work is very much simple and can be fabricated easily. 
3. Description of the screw extrusion process  
 In the screw extrusion process, rotating screw conveys the material from the feed port through the die barrel, and 
compact it in the die (Fig 1. and Fig 2.). Biomass is forced into intimate and substantially sliding contact with the barrel 
walls in this process. The combined effects of the friction caused at the barrel wall, the heat from die heater and high 
rotational speed (~600 rpm) of the screw cause an increase in temperature in the closed system which helps in heating the 
biomass. Then the biomass is forced through the extrusion die, where the briquette with the required shape is formed [6]. 
 Generally the temperature is maintained between 250°C to 300°C during the briquetting process. Thermal 
decomposition of raw material begins when it gets heated to about 220°C and the lignin of the biomass material becomes 
relatively soft. Due to the softening of the lignin the area of inter-particle contact is increased and they form local bridges. 
The soft lignin works as the binding material, therefore no additional binder is required. The moisture gets evaporated and 
helps in moistening the biomass. The biomass is compressed further in the die barrel (about 280°C) to form the final product 
briquette [1, 6]. 
 
Fig. 1. Block diagram of screw extrusion biomass densification process 
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(a) Photographic view of extruder 
 
(b) Screw of the extruder 
 
 
(c) Electric heater surround the die  
 
Fig. 2. Photographic of  (a) rice husk briquette machine, (b) screw and (c) electric heater 
 
4. Materials and methods  
 Detail dimensions and schematic views of new die stove are shown in Fig. 3 and Fig. 4. The new die stove is fabricated 
and installed at laboratory of Farm Machinery and Postharvest Technology Division, BRRI, Gazipur. To conduct the test 
run 10 kg of briquette was taken and cut into small pieces. The briquette pieces was placed on the grate of the stove and 
briquette was ignited. When the die barrel of the briquette machine got sufficient hot, the motor was started and husk was 
fed into the machine. After every 5 to 10 min four pieces of briquette was added to make stable heat in the stove.  At the end 
of test run the remaining briquette was weighed and also the char remained in the stove was removed and quenched and 
weighed. Then the actual consumption of briquette fed into the stove was calculated by deducting the remaining amount and 
char. Deduction of char was adjusted by measuring the calorific value of briquette and char. Finally, the produced amount of 
briquette during the test run was weighed and necessary calculation was done to present the data.  
 
 
  
(a) (b) 
 
Figure 3. (a) Cross sectional view of die-heating stove and (b) 3D view of cross section of die-heating stove for briquetting machine 
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All dimension in cm 
  
(a) (b) (c) 
 
Figure 4. Overall dimension of die-stove (a) and chimney (b); and (c) isometric view of new setup 
 
 
5. Results and discussions 
 
5.1 Stove performance 
 The photographic view of news setup of rice husk briquette machine of biomass stove and the produced briquette are 
shown in Fig 5. The test results of briquette production with die-stove fired by briquette are shown in Table 1. Three test 
runs were conducted. The average briquette production was found to be 88.87 kg/h. The consumption of briquette was 
found to be 75.77 kg/tonne of briquette produced. The electricity consumption by the motor was measured by a three phase 
digital energy meter and the average consumption was found to be 79.33 kWh/tonne of briquette produced. The results 
show that the electricity consumption by the briquette machine is reduced drastically compared to the previous results of 
electricity consumption with electric heater and motor as 152 kWh to 250 kWh/tonne. This shows a significant reduction of 
the electricity consumption by the briquette machine. Financial analysis and cost of CO2 reduction analysis were done to 
check the viability of the new die-stove.  
 
  
(a) (b) 
 
Figure 5. (a) Showing briquette coming out from brick-clay die stove and  (b) the briquette 
 
Table 1.  Rice husk briquette production with brick-clay die-heating stove 
 
Run no. Average die 
temperature, °C 
Briquette production 
rate, kg/h 
Briquette consumption 
in die stove, kg/tonne 
Electricity consumption, 
kWh/tonne 
1 372 86.2 75.6 82.6 
2 398 92.7 79.4 76.5 
3 380 87.7 72.3 78.9 
Average 383.33 88.87 75.77 79.33 
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5.2 Financial analysis  
 Financial analysis is done based on the assumption of yearly briquette production (440 tonne/year [10]), life time of 
stove and electricity tariff.  The cash flow analysis shows a negative net present value (NPV) at present electricity tariff (6 
BDT/kWh) and briquette price (8.0 BDT/kg). Then a sensitivity analysis was done by varying the tariff of electricity. At a 
rate of 8.1 BDT/kWh tariff of electricity show positive NPV value and also the benefit cost ratio is to be 1.05.   
 Cost of CO2 reduction analysis shows that at present rate of electricity tariff the CO2 reduction is to be around 
US$25.0/tonne. High cost of CO2 reduction is due to the comparison with a subsidized rate of electricity with high valued 
briquette fuel.  The sensitivity analysis shows that the cost of CO2 reduction is zero at 8.6 BDT/kWh of electricity. 
 
6. Conclusion 
Rice husk briquette is quite much popular as cooking fuel in Bangladesh. However, the production process of the briquette 
is electricity intensive. As an energy-starved country the use of electricity to commercially produce biomass briquette is 
questionable. However, the electricity consumption can be reduced by using a die-stove made of refractory clay-brick 
(instead electric-heater). With this technological change the electricity consumption is reduced by approximately 50% of the 
existing heated die screw extruder technology. 
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